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CAPACITANCE TOUCH SLIDER 

Field of the Invention 

The present invention is directed generally to touch-sensitive pads and associated 
devices, and more particularly to capacitance touch sliders and methods for detection of 
the position of a pointing member thereon. 

Background of the Invention 

Personal computers and other similar devices have a multitude of possibilities for 
providing user input. For instance, most computers today are used in conjxmction with a 
mouse or similar pointing device for controlling the position of a cursor on a display. 
The mouse is also often used for scrolling in, e.g., word processing applications or other 
similar applications. 

However, the mouse is not always an optimal device for controlling scrolling. 
Although some mice have scroll wheels, these wheels are also not ideal for some users, 
as they require substantial manual dexterity to be able to control the mouse, mouse wheel, 
and mouse buttons simultaneously. Another reason a mouse is not necessarily optimal 
for scrolling is that it requires a user who is typing on a keyboard to remove one of his or 
her hands from the keyboard to the mouse, and then back to the keyboard to continue 
typing. 

There is therefore a need for an alternative device for controlling scrolling. To 
address the above problems, others have attempted to provide scrolling via the use of a 
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two-dimensional touch pad such as that found on a typical laptop computer. For instance, 
the user can scroll by dragging a finger along an edge of the touch pad. However, the 
two-dimensional touch pad is not always convenient because of the tendency to not be 
able to place the fmger accurately on the edge of the touch pad. Further, inaccurate 
touching of the touch pad will move the cursor instead of scrolling, causing frustration to 
the user. 

There is also a need for a better way to sense the position of a fmger on a touch 
sensitive position sensor that corrects for common-mode errors such as variations in 
finger pressure, fingertip size, moistness of the finger caused by hand lotion, and other 
factors. 

Summary of the Invention 

An aspect of the present invention is directed to a device for detecting the position 
of a pointing member such as a human fmger or other object on a touch-sensitive 
scrolling pad. The device may include a frequency ratio determinator, such as in the 
form of an electronic circuit, coupled to an arrangement of capacitive nodes such as 
conductive plates and/or conductive tiaces of a printed circuit board. The frequency ratio 
determinator may include dual independent oscillators used to generate pulses at 
frequencies dependent upon the capacitance of the conductors resulting from the position 
of the fmger on the conductors. The frequency ratio determinator may count the pulses 
from each oscillator over a time interval and/or determine the finger position from the 
ratio of the number of pulses counted from each oscillator. Measuring the ratio (i.e., a 
"ratio-metric" design) of the pulse counts results in the rejection of common-mode errors 
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and drift that may be caused by, e.g., ambient temperature fluctuations, damage to the 
surface of the scrolling pad (caused, for example, by hand lotion or spilled beverages), 
finger size, and manufacturing tolerances. 

According to another aspect of the present invention, the device may determine 
the relative pressure applied by the finger or other object according to the sum or average 
of the pulse counts fi'om the two oscillators. 

According to yet another aspect of the present invention, the conductors, which 
sense the finger or other object, may be of various shapes, preferably wedge-shaped such 
as triangular, and disposed in the touch pad of the device such that the finger covers both 
traces simultaneously when used properly. Moreover, more than two conductors may be 
used, such as by using multiple interdigitated conductors, to eliminate errors caused by 
the finger moving in a direction transverse to the intended axis of motion along the 
scrolling pad. By interdigitating the traces, potential errors caused when a finger is rolled 
in a direction transverse from movable axis can be minimized. 

According to still another aspect of the present invention, the measuring portion 
may include a counting mechanism for counting the number of pulses generated by the 
oscillators. The counting mechanism may include a high frequency counter so that the 
pulses may be read quickly. This is help fill in reducing the effects of the environmental 
60 Hz hum generated by the alternating current power source. 

These and other features of the invention will be apparent upon consideration of 
the following detailed description of preferred embodiments. Although the invention has 
been defined using the appended claims, these claims are exemplary in that the invention 
is intended to include the elements and steps described herein in any combination or 
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subcombination. Accordingly, there are any number of alternative combinations for 
defining the invention, which incorporate one or more elements firom the specification, 
including the description, claims, and drawings, in various combinations or 
subcombinations. It will be apparent to those skilled in the relevant technology, in light 
of the present specification, that alternate combinations of aspects of the invention, either 
alone or in combination with one or more elements or steps defmed herein, may be 
utilized as modifications or alterations of the invention or as part of the invention. It is 
intended that the written description of the invention contained herein covers all such 
modifications and alterations. 

Brief Description of the Drawings 

The foregoing summary of the invention, as well as the foUowmg detailed 
description of preferred embodiments, is better understood when read in conjunction with 
the accompanying drawings, which are included by way of example, and not by way of 
limitation with regard to the claimed invention. In the accompanying drawings, the same 
reference number in different drawings refers to the same element. 

Fig. lA is a schematic of an exemplary embodiment of a capacitance touch sUder 
with two triangular conductors each havmg its own oscillator. 

Fig. IB is a schematic of another exemplary embodiment of a capacitance touch 
shder with two triangular conductors each sharing an oscillator via a switch. 

Figs. 2A-2C are top views of various exemplary embodunents of conductors that 
may be used in a capacitance touch slider. 
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Fig. 3 A is a schematic of another exemplary embodiment of a capacitance touch 
shder with two triangular conductors each having its own oscillator, along with circuitry 
for measuring and determining the position of a finger on the conductors. 

Fig. 3B is a block diagram showing an exemplary embodiment of how the 
capacitance touch slider of Fig. 3A may be coupled with a personal computer or other 
device. 

Fig. 4 is an exemplary timing diagram showing the various signals that may be 
generated in the circuitry of the capacitance touch slider of Fig. 3. 

Figs. 5A, 5B, and 5C are a top view, a side view, and another top view, 
respectively, of an exemplary capacitance touch slider with a corresponding chart 
showing the number of pvdse counts measured as compared with the pressure and 
position of a finger on the conductors of a capacitance touch slider. 

Detailed Description of Preferred Embodiments 

Referring to Fig. 1, an exemplary embodiment of a capacitance touch shder 100 
has two capacitive nodes such as conductive plates 101, 102. The conductive plates 101, 
102 fimction to sense the position of, e.g., a human finger, along an axial direction d. As 
will be discussed below, the conductive plates 101, 102 may be variously shaped, 
although in the present example each of the conductive plates 101, 102 are triangular in 
shape. 

To allow the position of the finger to be sensed, each conductive plate 101, 102 
may be a capacitive part of a respective different oscillator. In the present embodiment, a 
first digital resistor-capacitor (RC) oscillator (hereafter called "oscillator A" in this 
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embodiment) includes conductive plate 101 (which provides capacitance), a resistance Ra 
such as from a simple resistor, and an inverter 103 preferably of the Schmitt type. Also, a 
second digital RC oscillator (hereafter called "oscillator B" in this embodiment) includes 
conductive plate 102 (which provides capacitance), a resistance Rb such as from a simple 
resistor, and an inverter 104 preferably of the Schmitt type. 

hiverters 103, 104 are preferably Schmitt inverters to ensure stability. However, 
any type of inverter may be used. Also, although simple digital oscillators are shown in 
this embodiment, any oscillator circuits may be used, whether they be digital or analog. 
For instance, a conventional analog RC oscillator circxiit may be used in conjunction with 
an analog-to-digital converter (A/D converter) to produce an output similar to a digital 
oscillator circuit. In this regard, the term "pulse" as used herein refers to any type of 
periodic signal wave feature, such as a digital bit or a peak portion of an analog sine 
wave. The term "pulse" as used herein also encompasses a negative pulse or other 
negative wave feature. 

Each of the two oscillators A and B generates a respective output signal ClkA and 
ClkB. The ClkA and ClkB signals each include a train of pulses with a frequency that 
depends upon the capacitance and resistance used in the respective oscillator. More 
particularly, the capacitance (represented as Ca) between conductive plate 101 and 
ground, along with Ra, determines the frequency of the pulses of ClkA. The capacitance 
(represented as Cb) between conductive plate 102 and ground, along with Rb, determines 
the frequency of the pulses of ClkB. Since the conductive plates 101, 102 are not 
rectangular in this embodiment, the amount of surface area between a human finger and 
each individual conductive plate 101, 102 varies depending upon the position of the 
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finger along the axial direction d. This varying surface area thereby causes each of Ca 
and Cb to also vary depending upon the position of a human finger, hi turn, the pulse 
fi-equencies of ClkA and ClkB also depend upon the position of the finger along the axial 
direction d. 

Two oscillators are used in the present embodiment so that a ratio-metric output 
may be calculated to ensure a more stable measurement. Such a ratio-metric output is 
preferably the ratio between the fi*equencies fA of ClkA and fe of ClkB, such as IkI fe or 
fe / fA. If desired, the ratio-metric output may be scaled, such as by multiplying the ratio- 
metric output by and/or summing it with another factor. Thus the ratio-metric output 
includes the ratio of two different pulse fi:equencies each dependent upon the position of 
the finger along d. 

A significant advantage of such ratio-metric measurement is that common-mode 
errors are diminished if not fixUy removed. In an example, the user's finger is at a first 
position along the axial direction d and depressed with a first pressure against a thin 
insulating surface (not shown in Fig. 1) between the conductive plates 101, 102 and the 
finger. In such a case, signal ClkA would produce a pulse train with fi-equency fAi and 
signal ClkB would produce a pulse train with fi:-equency fei, each firequency being 
dependent upon the surface area covered between the finger and the respective 
conductive plate 101, 102. A ratio-metric output would then be the ratio fAi / fei (or 
alternatively, fsi / fAi). The surface areas covered by the finger are dependent upon two 
factors: the position of the finger along axial direction d, and the pressure of the finger 
against the insulating surface. This is because the greater the pressure applied, the more 
the finger flattens to allow for more skin surface area to press against the insulating 
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surface. Now assume that the finger location remains at the first location, but more 
pressure than the first pressure is applied by the finger. Now the surface area increases 
for both conductive plates 101, 102, thereby changing both and fsi to new values of 
fA2 and fB2. Since both the numerator and the denominator of the ratio-metric output 
change in the same direction, the resultant change in the ratio-metric output is minimal. 
For instance, where fAi = 100 and fai = 75, then the ratio fM / fsi = 1.33. Upon higher 
finger pressure, assume that fA2 = 120 (an increase of 20%) and fB2 = 90 (also an increase 
of 20%). The ratio-metric output now would still be 1.33, which has not changed at all. 
In reality, there would probably be some change in the ratio-metric output, however this 
change would be minimal Thus, by using the ratio-metric measurement, the capacitance 
touch slider is relatively insensitive to pressure changes when measuring the position of 
the finger along the axial direction d. For any finger pressure dependency in the reported 
slider position, an appropriate pressure term may be factored in when computing the 
sUder position to reduce the pressure effect. 

By way of contrast, if a single conductive plate were used, the firequency of the 
signal generated by the single associated oscillator would be greatly determined not only 
by the finger position along d but also the pressure of the finger. For example, assume 
that the finger is at the first position at the first pressure such that the single output pulse 
train firequency is fi = 100. Now assume that the finger pressure has increased, but the 
finger is still at the first position, such that the fi-equency is now £2 = 120 (a 20% 
increase). Now, since the firequency has changed by 20%, the position of the finger is 
difficult to measure unless the finger pressure is also known. This is because a change in 
finger position along the axial direction could also have produced the same 20% 
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difference in output frequency. In other words, such a single-conductor design cannot 
distinguish between a change in finger position and a change in finger pressure. 

Returning to the example where two conductive plates 101, 102 are used to 
produce ratio-metric measurements, both the finger position and the finger pressure may 
be independently determined and distinguished. In general, the finger pressure is related 
to the sum (or average) of the two frequencies from oscillator A and oscillator B. Thus, 
while finger position may be determined from the ratio fA / fe, finger pressure may be 
determined from the sum fA + fe- Thus, not only does ratio-metric measurement decrease 
sensitivity to common-mode errors such as increased pressure for both conductive plates 
101, 102, but also allows the finger pressure to be determined independently from the 
finger position. The ability to sense both finger position and finger pressure is usefiil for 
many purposes such as in a system where the finger position confrols a scrolling direction 
on a display screen and the finger pressure confrols another factor such as scrolling 
speed. 

The conductive plates 101, 102 may be variously shaped, such as is shown in 
Figs. 2A and 2B. In Fig. 2A, two exemplary conductive plates 201, 202 are of different 
shapes from one another, wherein both conductive plates 201, 201 have curved edges. 
However, any number of the conductive plates may have one or more curved edges, hi 
another exemplary embodiment shown in Fig. 2B, two conductive plates 203, 204 are 
also of different shapes from one another, wherein conductive plate 203 is tiiangular and 
conductive plate 204 is rectangular. Thus, the conductive plates may be of the same 
shape or of different shapes as compared with one another. 
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More than two conductive plates may be used, such as is shown in Fig, 2C. In 
this exemplary embodiment, multiple interdigitated plates 205-212 are used. For this 
embodiment, it is important that the relative amount of surface area proximate to the 
finger changes as the finger moves along the axial direction d. Thus, for instance, it 
would not be desirable to have both of the conductive plates rectangular like conductive 
plate 204 such that the surface area remains constant as the finger moves. 

In other embodiments, three, four, five, six, seven, eight, nine, ten, or more 
interdigitated capacitive nodes may be used. Preferably, an even number of interdigitated 
capacitive nodes are used (e.g., eight) so that each oscillator has an equal number of 
conductors associated therewith. As shown in Fig. 2C, conductive plates 206, 208, 210, 
212 ("group A") are coupled to a first node A and conductive plates 205, 207, 209, 211 
("group B") are coupled to a second node B. The group A capacitive nodes are 
interleaved, or interdigitated, with the group B capacitive nodes. As shown in Fig. 2C, 
the interleaved capacitive nodes may be adjacent to one another such that there are not 
other capacitive nodes disposed between the capacitive nodes of groups A and B. The 
nodes A and B of Fig. 2C correspond to the nodes A and B, respectively, of Fig. 1, which 
in turn correspond to the inputs of oscillators A and B, respectively, of Fig. 1. Thus, in 
the present embodiment, and as is shown in Fig. 2C, each of the conductive plates are 
interleaved and interdigitated with each other in the following order along a direction 
perpendicular to the axial direction: plate 205, then 206, then 207, then 208, then 209, 
then 210, then 21 1, and then 212. 

An interdigitated arrangement solves the potential problem where, when only two 
conductive plates are used, movement of the finger in a non-axial direction (e.g., 
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perpendicular to d) could cause a change in the ratio-metric output (since such a 
movement could cause a non-conunon-modal error), even where there is no movement of 
the finger at all in the axial direction d. hi other words, such an interdigitated 
configuration reduces the effect of non-axial movement of the finger such that the 
interdigitated configuration effectively sensed finger movement substantially only in the 
axial direction, while ignoring movement perpendicular to the axial direction. 

For example, assume that the finger is disposed at a first position along the axial 
direction d and centered precisely over the group of conductive plates 205-212 in a 
direction perpendicular to the axial direction d. Now assume that the finger is moved 
perpendicular to the axial direction d while remaining at the same first position along the 
axial direction d. In the interdigitated embodiment shown in Fig. 2C, there would be 
minimal change in the ratio fA / fe since the surface area defined by the group A 
capacitive nodes and the surface area defmed by the group B capacitive nodes are spread 
over a larger interleaved area. The result is that the total surface area of the group A 
capacitive nodes that is covered by the finger, and the total surface area of the group B 
capacitive nodes that is covered by the finger, may both increase and decrease together, 
more or less. This means that the ratio fA / fs is less affected by non-d-axial movement. 
All other factors being equal, the more interdigitated conductive plates that are used, the 
less sensitive is the device to non-d-axial movement. By way of contrast, in the 
embodiment shown in Fig. 1, there would be comparatively more of a change in the ratio 
fA / fs since the respective covered surface areas of the conductive plates 101, 102 would 
change much more noticeably and indeed in opposite directions. 
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In the circuit of Fig. 1, the coupling from conductive plate 101 to conductive plate 
102 and vice versa can cause cross-mode locking. In other words, the measurement taken 
from oscillator A can be affected by oscillator B, and vice versa. This problem is 
preferably eliminated by enabling only one oscillator at a time and simultaneously 
grounding or otherwise disabUng the other. Thus, the frequencies of the ClkA and ClkB 
signals would each be determined over separate non-overlapping time intervals. The 
schematic diagram of Fig. 3 A shows how signal diodes Dl, D2 may be used to disable 
(e.g., ground) the non-enabled oscillator by attenuation. 

In an alternative embodiment, a single oscillator may be analog switched between 
the two conductive plates, yielding frequency differences primarily from the conductive 
plate capacitances rather than from variations in parts. An example of such an 
embodiment 150 is shown in Fig. IB, wherein a switch 160 is used to connect either the 
first or second conductive plates 101, 102 to the oscillator 103. 

In a fiirther embodiment, the touch shder may utilize other methods for 
determining the capacitance of the capacitive nodes (and thus the finger position) by, e.g., 
generating signals whose amplitudes (instead of frequencies) are related to the 
capacitances of the capacitive nodes. In such a case, the ratio of the ampUtudes may be 
used instead of the ratio of the frequencies or the pulse counts, hi finther embodiments, a 
charge transfer method may be employed to determine the respective capacitances of the 
individual capacitive nodes. 

Referring to Fig. 3 A, another exemplary capacitive touch shder 300 is shown. 
The circuit of Fig. 3 A uses a processor such as an on-board PIC microprocessor ICl, 
wherein data is output via an interface port such as a 9600 baud serial port 350. Fig. 4 
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shows a timing diagram describing the relationship between various signals in the circuit 
of Fig. 3 A. 

The number of pulses of CUcA (the output of a first oscillator, which may 
preferably average about 2 MHz) is accumulated over a short interval (e.g., 
approximately 1 miUisecond) while OscB is disabled, hnmediately afterward, ClkB (the 
output of a second oscillator) is accumulated over another interval of the same length. 
Preferably, these two intervals are non-overlapping. The PIC microprocessor ICl then 
derives a finger position which is a function of the ratio of accumulated ClkA and ClkB 
pulses. A kind of "pressure" indication may also be derived and used to determine the 
threshold for finger contact from the sum of accumulated pulses of ClkA and ClkB, 

A voltage regulator such as a 78L05 device IC2 provides a regulated 5 volts for 
the circuit power. The PIC 16C73 CMOS microcontroller ICl provides control signals, 
data read and serial output for operation. Schmitt inverters for the two oscillators and for 
other portions of the circuit may be embodied in a 74HCT14 device ICS, which is a 
CMOS hex Schmitt inverter. A counter may also be used, such as a 74HC590 device 
IC4, which is a CMOS 8 bit counter with output latches, output tristate enable, and a 
coimter clear. Since this embodiment measures capacitances on the order of a few 
picofarads, it is preferable that the RC oscillators (74HCT14) be disposed near the PC 
traces. 

Referring to the timing diagram of Fig. 4 in conjunction with the schematic 
diagram of Fig. 3A, during the count and read cycles, signal CapA/B* goes high to 
disable diode Dl, thereby enabhng RC oscillator A (comprising conductive plate 301, 
resistor R2, and Schmitt inverter IC3A, which is one of the inverters in hex inverter 
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device IC3). Raising CapA/B* to high also disables RC oscillator B (comprising 
conductive plate 302, resistor R3, and Schmitt inverter IC3C, which is also part of 
inverter device IC3) by grounding its input through diode D2 using inverter IC3F (also 
one of the inverters of hex inverter device IC3). The CompClk signal reflects ClkA 
during this period. Next, the microprocessor ICl asserts En*Clr*, which is the clock 
enable and clear signal. IC3D, IC3E, C7, and R7 together embody a falling edge pulse 
generator that provides a negative pulse (e.g., approximately 1 micro-second in length) to 
the Ch* pin of the counter IC4 on the leading edge or beginning of the count cycle. 
Thus, the coxmter IC4 starts counting from zero a few microseconds after the beginning 
of the count cycle. During this count period, the microprocessor ICl enables a counter 
read by asserting Read* and counts the positive transitions of the most significant bit 
(MSB) D7. This allows an extension of the number of bits of the counter IC4. After a 
predetermined duration (e.g., 1 millisecond where a PIC microprocessor is used), the 
count cycle is terminated by causing En*Clr* to go high. The 8 bits of the counter IC4 
are then read by the microprocessor ICl, combined with the number of low to high 
transitions of the MSB, and the resuU stored. CapA/B* is next negated to enable 
oscillator B (and also to ground oscillator A's input or otherwise disable oscillator A) and 
the count cycle repeated, accumulating the total count of ClkB. 

It is possible that external noise may be present on the power pins to the hex 
Schmitt inverter ICl, which may cause small tmcompensated variations in the processed 
output. Filtering beyond the usual bypass capacitor may accordingly be required. A 
temporary RC filter may be added to the power input pin of the 74HCT14 to correct this 
problem. Also, where an additional control signal is derived from the local 
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microprocessor, the counter clear pulse generator may be eliminated. As for critical 
timing, reading the counter's D7 bit preferably should not begin until after more than 1 
micro-second has passed after the leading edge of En*Ck* signal, due to the initial 
clearing of the counter with ClrPuls*. With an approximately 2.5 MHz clock frequency 
(for example) for oscillators A and B, the pulse accumulation may be approximately 
2,500 (over a 1 miUisecond period) and may provide an observed count range of 
approximately 150 on each accumulator within the normal finger position range. 

Once the counts are accumulated and read by the microprocessor ICl, the 
microprocessor ICl may take a ratio of the counts, which entails either dividing the count 
of ClkA by the count of ClkB or vice versa. The microprocessor ICl may further add the 
two counts together and/or average them. Data representing the ratio and/or the 
sum/average may then be sent via the SerOut line to the interface 350. 

The count periods for both oscillators A and B, as well as the period between the 
count periods, may preferably be as short as possible to minimize any ambient 60 Hz 
interference (e.g., due to 60 Hz a-c power sources) that may be capacitively introduced 
through the finger. At 60 Hz, the period of the power source is 1/60 second, or about 
16.7 miUiseconds. Accordingly, in one embodiment, the total count cycle for both 
oscillators A and B takes about 2.25 milliseconds, which is substantially less than 16.7 
miUiseconds. Thus, the power signal does not change substantially during the entire 
count period, thereby reducing the ambient noise caused by the power signal. If it is 
desired to update at 60 Hz, the overhead for controlling and reading the touch shder may 
in this case be about 14%. In other embodiments, the count cycle for both oscillators A 
and B may take from about 0.5 millisecond to about 2 miUiseconds, or less than about 5 
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milliseconds. In other countries, where another frequency of power source is used, the 
total count time for both oscillators A and B may be adjusted so as to be substantially less 
than the period of the power source. For instance, the total count time for both oscillators 
A and B may be less than about 15% of the power source period, or even less than about 
10% of the power source period. 

In an alternative embodiment, instead of using a counter the frequencies of ClkA 
and ClkB may be measured by other means, including by direct frequency measurement. 
In such a case, a ratio may be taken of the frequencies themselves, instead of the pulse 
count. However, the two resulting ratios are mathematically identical. 

If it is desired to include additional touch buttons beyond the normal axial finger 
range, say for page up and page down, a trace consisting of only A or B capacitive input 
can be used under this area and uniquely identify this state from a normal finger slider 
position. FigTires 5A-5C show an exemplary embodiment of such a device. In this 
embodiment, a 1.5 mm thick piece of LEXAN or other insulating material 550 may be 
milled or otherwise formed to provide a groove, such as an approximately 16 mm radius 
finger groove 553 that is about 8 mm wide and about 66 nam long. The depth of the 
finger groove 553 may be such that about a 0.5 mm wall thickness of insulating material 
550 remains between the bottom of the finger groove 553 and the conducting plates 551. 
The insulating material 550 and the conductive plates 551 may be mounted on a substrate 
552. Although the above dimensions are such that an average finger may comfortably fit 
in the finger groove 553, alternative dimensions may be used as desired. For instance, 
the groove may be about 30 to 50 mm long, or about 50 to 100 mm long. A shorter 
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length may be desirable for use in a laptop, cellular phone, personal digital assistant, or 

other portable device. 

Near or beyond each of the ends of the finger groove 553, depressions 560, 561 
may be formed in the insulating material 550 to allow for access to buttons 501, 502. 
These button depressions 560, 561 may be of any shape such as round, oval, rectangular, 
or arrow-shaped. As in the case of the finger groove 553, the button depressions 560, 
561 may also be formed in the insulating material such that only a thin amount of the 
insulating material remains between the finger and the conductive plates 551, such as 
about 0.5 millimeters of insulating material. In firrther embodiments, there may exist one 
or more button depressions that may be disposed anywhere near the finger groove, such 
as at the ends or along the lengthwise sides of the finger groove. The finger groove 553, 
depressions 560, 561, and/or the buttons 501, 502 may be used in conjunction with any of 
the other features and embodiments of the present invention. 

Referring to Fig. 3B, the touch sKder 300 may be coupled to another device such 
as a personal computer 370 via an interface such as the serial port 350 and a cable 371 
connected to the interface, hi this way, the personal computer 370 may receive the data 
representing the ratio, sum, and/or average of the counts as determined by the 
microprocessor ICl . The personal computer 370 may then use the data to control various 
features, such as to control the amount of scrolling on a display. Also, portions of the 
touch shder 300 may be in the personal computer 370, such as the microprocessor ICl. 
The connection between the touch slider 300 and the personal computer 370 may be 
wired or wireless, e.g., radio fi-equency or infi:ared. Where the connection is wired, it 
may be by any system such as a serial or parallel cable connection. The touch shder 300 
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may be a separate physical unit Jfrom the personal computer 370 or incorporated into the 
personal computer 370 such as being an integral part of the keyboard or mouse of the 
personal computer 370. Although a personal computer 370 is shown, any device may be 
coupled to or integrated with the touch shder 300 such as a laptop computer, a household 
appliance, a cellular phone, a desktop phone, a radio or stereo system, a personal digital 
assistant, an automobile control panel, and/or any other electrical and/or mechanical 
device in which a touch slider type user interface would be desirable. 

Table 1 below shows the accumulated or counted values for ClkA and ClkB under 
different finger pressures aad different finger positions P1-P5 along the axial direction of 
the finger groove as actually measured from a prototype of the embodiment of Fig. 3. 
Table 1 below also shows the ratio-metric measurement fA / fs as well as the sum fA + fe 
for each instance. Note that the differences between ClkA and ClkB under the "No 
Finger Pressure" column is likely due to the connection lengths between each of the 
conductors and their respective oscillator being sUghtly different. If desired, this effect 
can be reduced by making the connection lengths the same between all capacitive nodes 
and their respective oscillators. The effect of coimection length differences may also be 
reduced by compensating one or both measured frequencies during processing with terms 
derived during the calibration phase mentioned below. 



Table 1 



Position 


No Pressure 


Light Pressure 


Heavy Pressure 




A 


B 


ratio 


sum 


A 


B 


ratio 


sum 


A 


B 


ratio 


sum 


PI 


2810 


2494 


L13 


5304 


2805 


2120 


1.33 


4925 


2490 


2037 


1,22 


4527 


P2 


2810 


2494 


1.13 


5304 


2765 


2330 


1.19 


5095 


2741 


2302 


1.19 


5043 


P3 


2810 


2494 


1.13 


5304 


2672 


2375 


1.13 


5047 


2642 


2356 


1.12 


4998 


P4 


2810 


2494 


1.13 


5304 


2645 


2462 


1.07 


5107 


2589 


2430 


1.07 


5019 


P5 


2810 


2494 


1.13 


5304 


2370 


2480 


0.956 


4850 


2230 


2455 


0.908 


4685 
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As can be seen from Table 1, tiie ratio-metric measurement varies depending 
upon finger position, but is not much affected by changes in finger pressure. For 
example, at position P3, the ratio-metric measurement is 1.13 at light pressure and 1.12 at 
heavy pressure, and at position P4, the ratio-metric measurement remains a constant 1 .07. 
The sum of the pulse counts, however, does change dramatically depending upon 
pressure. For example, at position P3, the sum is 5047 at light pressure and 4998 at 
heavy pressure, and at P4 the sum is 5107 at hght pressure and 5019 at heavy pressure. 
Thus, the finger position can accurately be determined by the ratio of the pulse counts, 
and the pressure can be determined by the sum of the pulse counts or, still better, by both 
the srnn and ratio. 

A lookup table or database may be stored in a memory (for instance, coupled to 
the microprocessor ICl in Fig. 3 A, or as part of the personal computer 370 in Fig. 3B) 
that contains data associating sample finger positions along the touch sUder with expected 
sums and ratios of the pulse counts. For instance, where the touch shder generates a ratio 
of about 1.19 and a sum of about 5095, then it maybe determined with great confidence 
that the finger is located at about position P2 and is pressing with light pressure. Such a 
table may be similar to Table 1. Although Table 1 contains only 5 sample position points 
P1-P5, a table may include any number of sample position points, such as between fifty 
and one hundred positions or more, for greater accm-acy. Such a table may fiuther 
include more than two variations in pressure amount, such as five different pressures. 
Interpolation may also be used to determine expected ratio and sum values for points in 
between those contained in the table or database. For instance, referring to Table 1, 
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where the measured ratio and sum equal 1.16 and 5071, respectively, it may be 
determined through Hnear interpolation that the position is halfway between P2 and P3 
with light pressure. 

In further embodiments, the touch shder may enter a calibration phase utiUzing 
known auto-calibration features such as a leaky integrator. Also, the touch shder may 
default at power-up to the assumption that no touch is being apphed by a finger anywhere 
on the finger groove. Where the microprocessor stores peak values of ClkA and ClkB 
over some time period (e.g., approximately 30 minutes), a continuous or periodic 
calibration may be reahzed. hi such a configuration, it may be reasonably assumed that 
sometime during this time period no finger was present, hi the present embodiment, the 
values of ClkA and ClkB would peak at the moment that no finger was present, hi this 
way, the zero-finger-pressure ClkA and ClkB values may be continuously regenerated 
during touch slider use. 

Further techniques may be implemented to reduce any remaining effects of finger 
pressure on the reported finger position along the touch slider. Such techniques may 
preferably compensate for the effects of finger pressure in real time. An example of such 
a technique is as follows, hi this exemplary embodiment, the following constants may be 
defined: 

TouchThreshold => The fi-action of SumMax at which to assume finger 

is present (in this embodiment. Sum decreases as finger 
pressure increases). 

PressureFactor => A factor (a function of Pressure) to include in 

SlideValue calculation to compensate for variations in 
finger pressure. Without this, ShdeValue will make the 
apparent finger position: move fiirther away from midpoint 
with increasing finger pressure. 
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The following calibration values may be determined at startup/power-up of the touch 
slider, during an expUcit calibration phase, or constantly during use: 

SumMax = ClkA + ClkB with no fmger present 
RatioMax = Ratio with finger in top-most finger position of slider 
RatioMin = Ratio with finger in bottom-most fmger position of slider 
MidSliderValue = value of RawSlide Value with finger at midpoint of 
slider (probably a constant) 

Using the above calculations, the following algorithm may be implemented in the 

following order during use of the touch slider: 

(get ClkA and ClkB oscillator count values) 

Sum = ClkA + ClkB : sum of shder values gets smaller as finger 

pressure increases 

Pressure = SimiMax - Sum : Pressure as a function of Sum, usually 0 < 

Pressure < 2000 

Ratio - ClkA / ClkB : Take ratio of Shder values 

RawSlideValue = (Ratio - RatioMin) / (RatioMax - RatioMin) : 0 < RawShdeValue 

< 1 for slider area only, not 
including end buttons. 

ShdeValue = RawSlideValue - (Pressure * PressureFactor * (RawShdeValue - 
MidSliderValue)) :pressure compensation 

IF Sum < (SumMax * TouchThreshold) THEN : is shder touched? 
TouchFlag = 1 : slider is touched 

ELSE 

TouchFlag = 0 : slider is not touched 

ENDIF 

IF PreviousTouchFlag = 0 and TouchFlag=l then : detect an initial touch 
InitialTouchFlag = 1 

ENDIF 
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Thus, using the above technique, which may be repeated in real time, any 
interaction between finger pressure and finger location as determines by the touch shder 
may be fiirther reduced. Of course, the above technique is only exemplary, and 
variations on this technique may be implemented without departing fi:om the scope of the 
invention. 

The conductors 101, 102, 201-212, 301, 302 may be embodied as conductive 
plates, foils, layers, sheets, or members, and/or may be etched as tracings on a circuit 
board or other substrate. The conductors may be made of any suitable conductive 
material such as metal. The conductors preferably may be covered, coated, or encased 
with a thin plastic or other insulating material for protection of the conductors firom a 
human finger or contact with other elements. Preferably the insulating material should be 
thin enough at the area defined by the conductors such that the finger position may be 
sensed. For instance, as discussed above, the insulating material may be LEXAN or any 
other insulating material and may be between approximately 0.001 to 0.01 mm thick, 
approximately 0.01 to 0.1 mm thick, approximately 0.1 to 0,5 mm thick, or 
approximately 0.5 to 1 mm thick, over the area defined by the capacitive nodes. The 
insulating material may be formed from a strong non-flexible material or may be a 
flexible material in the form of a sheet or layer. The finger groove and/or insulating layer 
may be directly incorporated into the shell or housing material of a device such as a 
keyboard or mouse. Further, although finger grooves are preferable and are discussed 
herein as to certain exemplary embodiments, a finger groove is not necessary in all 
aspects of the present invention. 
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In further exemplary embodiments, the touch slider may be of any size. For 
instance, the touch slider may be of a size suitable for a finger to slide along. At the other 
extreme, the touch slider may be of a much larger size, such as large enough for a human 
hand to slide along. Such a larger configuration may be, e.g., 6 foot by 3 foot and/or 
incorporated into a table such as by being mounted on the underside surface of a table, 
thereby being configured to sense the presence and 1 -dimensional position of a hand 
lying on or closely above the table. Larger configurations may use the same or similar 
algorithms as discussed herein but may require different oscillator hardware values 
depending upon the size. As another example, the touch slider may even be of such size 
as to detect the location of a person or other object within a room or other similar area. 
Such a touch slider may be incorporated into the floor of a room to detect the presence 
and position of persons walking within the room. Accordingly, the term "pointing 
member" as used herein may, as is appropriate for the particular configuration and size of 
the touch slider, include objects larger than a human finger, such as a human hand, a 
human body, and/or other small or large object. 

While exemplary systems and methods embodying the present invention are 
shown by way of example, it will be understood, of course, that the invention is not 
limited to these embodiments. Modifications may be made by those skilled in the art, 
particularly in light of the foregoing teachings. For example, each of the elements of the 
aforementioned embodiments may be utilized alone or in combination with elements of 
the other embodiments. 
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